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FOREWORD 


Tis SERIES OF REPORTS is based in the main on collections of specimens 
and data made at the Auckland and Campbell Islands in the years 
1941-45. Early in 1941, coast-watching stations were established at 
Port Ross, Carnley Harbour, and Perseverance Harbour, and the 
personnel of from three to five men at each were relieved only once 
a year. Standing instructions issued by Navy Office included a 
recommendation that the men should, in addition to service routine, 
record general observations on natural phenomena. In making a 
selection of suitable volunteers, the Aerodromes Branch of the Works 
Department was able from 1942 to post at each station at least one 
man with some professional qualifications in geology or biology. The 
names of most of them are given below in the list of committee members, 
but the collections were enriched by the work of many others who 
made no claim to professional status as naturalists. 


In 1944, coast-watching was abandoned and the Auckland Island 
stations closed, but in that year special opportunities were given for 
visits to the Snares and Disappointment Island. The Campbell Island 
station was continued for routine meteorological reporting and iono- 
sphere research, but, except for the inclusion of a report on Aurorae 
as number one of this series, all results of this work are published 
elsewhere. Biological and geological material collected after 1945 
has not generally been included, and these reports may be regarded 
as covering the work of the “Cape Expedition” which was the war- 
time code name for parties in the field between 1941 and 1945. 


Arrangements for the writing of reports and for publication have 
been dealt with by a committee consisting of Dr. H. H. Allan 
(Chairman), Dr. J. Marwick, the Directors of Auckland, Dominion, 
Canterbury, and Otago Museums, and the following field collectors: 
CG, A. Fleming, J. H. Sorensen, W. H. Dawbin, E. G. Turbott, and 
R. W. Balham. The Committee is indebted to authors who have 
undertaken to prepare reports, and to Mr. F. R. Callaghan, Secretary 
of the Department of Scientific and Industrial Research, and to his 
staff, for arrangements for publication. 


R. A. FALLa, 


Hon. Secretary, Gape Expedition 
Reports Committee, 


Inset 1—Bull. No. 13 


Map Showing Main 
Relation between Islands 
°6 * 


Mert © Stack 


5k 


40° 


Pees 
a> 7 
oY 3 Vancouver Reef 


rod 
v' 
P.11050 


O i {p 11046 
of 


P.11058 


to sinkhole -~ 


qunnel 


P 11055 
% breaks with 
swell, 


Sg 
Mai, & 


Pll 
“Signpost lt 


Needleseo P 
aus 


a 
x 
Steep 
g 
Alert Stack S 
5 


Steep 


Rocks® 


7 - x an u gnisiy sland 
‘3 


Needle?200° 


&. 


a x 
\e° 


Q ul 
oY 
SNARES ISLANDS 


ea Sketch map based on survey 
| by T.S. Millar 1891 


a 


The magnetic Station north of boatharbour 
a Se one le ts Bk A) is Lat. 48°00 42°S, Long 166°35 48 E. 


Location of petrological Specimens x PUl051 


Percentage Srequency of measurements 


EEE A Naga BAIA ALES Scale in Chains 


(6) cross joints, in Snares Island 20 15 10 5 O 20 40 


ranite. 


G.S.797 SGB. 1951 


Figs). 


Peete OreaGcysOr SNARES ISLANDS 


Parr I 
GENERAL GEOLOGY 
DyiGaA. Fleming 


Pare IT 


PETROLOGY 
By J. J. Reed 


Part III 


PEAT SAMPLES 
By W. F. Harris 


(The manuscripts for this Bulletin were received by the Cape Expedition Committee 
on 11 May 1951) 


CONTENTS 


PART I—GENERAL GEOLOGY 


Page 

INTRODUCTION . - - - - - -\ 9g 
PREVIOUS GEOLOGICAL OBSERVERS - - 9. 10318 
PHYSIOGRAPHY 2 > = = - = oil 
THe Summit PLATEAU - : - 112i 
MariNE TERRACES - - - - - 2 mel 
COASTLINE - c2 - ee - - 45 
GEOLOGY : 2 : ; - - - 18 
GRANITE - - - - - - dB (ee 
Mica Scuist - : - - - - 2) 42g 
SUPERFICIAL DeEposirs — - : : - - 20820 
SEA-LION GASTROLITHS — - = - - - 22575 


STRUCTURE AND GEOLOGICAL RELATIONSHIPS 92422326 


vt 


PART II—PETROLOGY 


INTRODUCTION : : ; : : 3? 
GRANITE AND ASSOCIATED* PEGMATITE AND QUARTZ 
VEINS : : : : : : 28, 29 
MICAS SCH Is i aaa : : : : : 29, 30 
SEA-LION GASTROLITHS : : . : 30, 31 


PART IIT-—PEAT SAMPLES 


SUMMARY = ‘ - - - - «> 38 
LOCALITY AND SAMPLING = - - - - 239 
SITUATION, CLIMATE, AND VEGETATION - - - 33, 34 
SAMPLES - - - - - - - 34 
RESULTS, OF —POLEENS COUNTS - 22 - 30 
INDIGENOUS POLLENS- - - - - - 55,07 
ALIEN PoLLENS s : - - - “od 
IDENTIFICATIONS - - - - - ee ote 
DISCUSSION - - - - - - - 38 
REFERENCES - - - - - - 39, 40 


INDEX - : : : : : : 41, 42 


Pee OL LU US y RATTONS 


lye d acd hal 


Page 


Fig. 1—Map of the main Snares Island, based on a survey by 
T. S. Miller, 1891, modified from sketch surveys and photo: 
graphs by C. A. Fleming, 1947. Insets: Map showing 
relation between islands, and diagram to show percentage 
frequency of measured quartz and pegmatite veins (a) and 
of joints and fractures (b) — - - : - - 

Fig. 2—Block diagram to show physiography of the Snares Islands 

Fig. 3—Profile of main Snares Island, seen from the west, drawn 
from a photograph — - - - - - - 


Fig. 4—Profile of main Snares Island, seen from the N.N.E., drawn 
from,a photograph; Western Chain in distance on right - 


ig. 5—Profile of Western Chain, seen from the north, drawn 
from a photograph - : . z “ 3 


Fig. 6—View looking S.W. along the west coast of the main Snares 
Island towards the south-western promontory, which has a 
summit plateau reaching a height of 620ift~ - - - 

Fig. 7—Northern promontory of main-Snares Island, viewed from 
the south, showing well-preserved summit plateau at about 
300 ft and sinkhole on isthmus in foreground. Drawn from 
a photograph - - - - - - - 


Fig. 8—Remnants of uplifted marine terrace forming headlands 
north of the boat harbour, main Snares Island - = 


Figs. 9 and 10—Sea caves controlled by joint planes, north-east 
coast of main Snares Island. Photos, R. A. Falla - - 


Fig. 11—Panoramic view of main Snares Island, looking south 
from the northern promontory, across the modified summit- 
plateau with its north-eastward-draining streams (middle dis- 
tance) towards the south-western promontory (right). The 
islets ot the Western Chain are visible in the distance (right). 
Drawn from a photograph - - - - - 


Fig. 12—Granite, penetrated by quartz veins, in coastal exposures 
on north-east coast of Snares Island. The cave, right back- 
ground, ts parallel to the quartz veins - - - - 


Fig. 13—Pegmatite and quartz veins, trending nerth, north-east 
coast of Snares Island - - Z . C : 


Fig. 14—Sea-lion gastrolith pebbles, forming a diffuse lag gravel 
on the surface of rock exposed in a penguin colony, Snares 
Island. Drawn from a photegraph — - - - - 


Fig. 15—Map of southern New Zealand, and outlying islands, 
showing generalized distribution of older rocks. Older Paleo- 
zoic sediments with granite intrusions hachured, younger Paleo- 
zoic to Jurassic sediments and schist stippled. Isobaths drawn 
from Admiralty Chart Ne. 788 and from additional data 
supplied by courtesy of N.Z. Naval Board — - - - 
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By C. A. FLeminc, N.Z. Geological Survey 


INTRODUCTION 


Tue Snares, a group of small islands, lie in approximately 48° S. latitude, 
166° 35’ E. longitude, 62 miles south-west of South-west Cape, Stewart 
Island. They consist of a triangular main island, four and a half 
miles across its base, numerous small islets, stacks, and needles, and a 
Western Chain of five rocky islets rising to heights of 200 te 300 ft. 
Accounts of the islands, their discovery, history, general appearance, 
vegetation, and fauna, appeared in “ The Subantarctic Islands of New 
Zealand” (1909, edited by C. Chilton}; more recently, in 1948, 
R. A. Falla, G. B. Murphy, and R. C. Murphy published separate 
general accounts, partly based on the fieid work of the Snares Island 
Expedition, November—December 1947, of which the writer was a 
member. 

The 1947 expedition made few additions to the geological know- 
ledge of the Snares, last reported on by Marshall (1909). The 
present account aims to record significant new facts and to re-assess 
the geological relationships of the group. 


PREVIOUS GEOLOGICAL OBSERVERS 


Sir James Hector (1870) quoted extracts from H. Armstrong’s 
(1868) account of the Snares and reported that thirty-five rock 
specimens obtained on the group consisted ef varieties of basalt, clay- 
stone porphyry, tuffaceous clay, chert, and jasper. Hector compared 
the series with the rocks of Dunedin peninsula, and concluded that 
the islands were formed by Miocene volcanism. The specimens Hector 
examined were certainly wrongly labelled. Basalts have now been dis- 
covered as surface pebbles, but it is unlikely that a random collection 
would fail to include the granite of which the islands are chiefly 
composed. 

Twenty-five years later, Hector himself visited the islands, as the 
guest of Lord Glasgow, and reported (1896) that the only rock observed, 
at the boat harbour, was a “singular form of red granite (?), the only 
rock in New Zealand to which it bears a resemblance being the red 
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granite at the entrance to Chalky inlet”. The granite formed naked 
domes on the surface, separated by ‘“ profound hollows” filled with 
‘““peaty matter and bird guano to a great depth as proved by the 
excavations for a lighthouse site some years ago”. The excavations 
were made in 1890 on behalf of the Marine Department near the 
highest part of the main island. Hector noted that the west-cceast 
cliffs “display a stratified and cclumnar appearance, which suggests 
a doubt as to the granitic structure of the land as a whole”. During 
the expedition of the Philosophical Institute of Canterbury to the 
Subantarctic Islands of New Zealand in November 1907, Dr. P. 
Marshall spent part of a day traversing the greater portion of the main 
island in search of specimens, finding only granite with gneissic structure 
which was judged (Marshall, 1909, p. 704) not fundamentally different 
from many of the granites of Stewart Island and New Zealand. The 
columnar structure noted by Hector was found to be due to jeinting 
in the granite. Marshall concluded that the Snares are “part of the 


Fig. 2—-Block diagram to show physiography of the Snares Islands. 
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same plutonic complex of which Stewart Island and the south-west of 
Otago are composed”. ‘The level surface of the island, illustrated by 
a photograph of the northern promontory (p. 703, incorrectly labelled 
“south-east point’), was interpreted as a “ plain of marine erosion ”’, 
indicating “a former lewer level of the land”. The boat harbour 
was thought to be probably a submerged stream valley. | 


PHYSIOGRAPHY 


The general physiography of the Snares Islands is illustrated in 
Fig. 2. The islands owe their form to marine erosion of a larger area 
of land. Its precise form and extent cannot be determined, althcugh it 
probably occupied part of the ridge of shallow sea-bottom between the 
Snares and Stewart Island indicated by the available sparse soundings. 


The Summit Plateau 


A former erosional surface is indicated by the flat summit plateau 
on parts of the main island of the Snares and the even-crested profiles 
of the Western Chain (Figs. 3-5). The summit plateau reaches 
a height of 620 ft on the South-west Promontory, and slopes north-east 
to about 390ft at the north and 400 ft at the south-east extremity 
of the main island. 


Fig. 3—Profile of main Snares Island, seen from the west, drawn from 


a photograph. 
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Fig. 4—Profile of main Snares Island, seen from the N.N.E., drawn from a 
photoghaph; Western Chain in distance on right. 


Fig. 5—Profile of Western Chain, seen from the north, drawn from 
a photograph. 


Small streams draining the surface of the triangular main island 
are ccnsequent upon the north-eastward dip of the summit plateau; 
they have cut shallow valleys, separated by broadly convex ridges, and 
have thus considerably modified the summit plateau, which is_ best 
preserved on the northern and south-western promontories (Figs. 6 


and 7). 
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Fig. 6—View looking S.W. along the west coast of the main Snares Island 
towards the south-western promontory, which has a summit plateau 
reaching a height of 620 ft. 


The south-western headland, a diamond-shaped area of summit 
plateau with a height cf about 600 ft, surrounded by precipitous cliffs 
and linked to the mainland by a knife-edged ridge, is almost completely 
without surface relief. It supports a dense cover of Olearia forest on 
a thick soil of peaty humus, which excavations showed to be lecally 
more than 20 ft deep (report of GC. Y. Connor, representing W. Sharpe, 
dated 3 March 1891; Marine Department file). The thick humus 
cover may mask minor irregularities in the underlying rock surface. 
Similar thick humus was observed on the summit plateau of the 
northern promontory. 


Marshall considered the level surface to mark a plain of marine 
erosion, cut by the sea when the land lay at a lower level. The 
base-level for wave attack in exposed subantarctic localities is well 
belew low-tide level, perhaps as low as 50 fathoms, and Marshall's 
hypothesis implies a negative movement of sea-level of at least 650 ft. 


During the 1947 expedition a careful search was made for a marine 
conglomerate overlying the summit plateau. Water-worn pebbles, 
scattered on and through the peaty humus, were found in abundance, 
but no bed of conglomerate was seen, and the pebbles are attributed 
to transport by sea-lions (see below). The origin of the summit plateau 
as a plain of marine erosion is not, of course, disproved by failure to 
locate a veneer of detrital sediment. Such sediment as existed may be 
locally preserved beneath the humus cover, but it is quite possible for 
a wave-cut platform te be swept bare by the seas that cut it. Many 
sea-mounts (guyots) are topped by non-depositional surfaces (Shepard, 
1948, p. 303), and wave-cut platforms at shallow depths are commonly 
swept clean. 


If the hypothesis of wave-planation is adepted, it is necessary to 
consider whether the subsequent elevation has been effected by diastrophic 
movement or by eustatic sea-level change. Henderson (1934) grouped 
marine terraces cut “when New Zealand was more deeply depressed 
than 600 ft below present sea-level’? under Cotton’s “‘ Kaukau Cycle ”, 
and censidered that such features had not been tilted differentially, 
but his conclusion has not been accepted in those parts of New Zealand 
where late diastrophic movements have been demenstrated. Williams 
(1936) recognized a prominent elevated marine terrace at 650 ft in 
southern Stewart Island, and high-level terraces are reported from 
western Southland by several geclogists (see discussion of the Coastal 
Plateau in Benson, Bartrum, and King, 1934). Post-Tertiary diastro- 
phic tilting has not so far been established in Stewart Island, and, if 
this area has been stable since the beginning of the Pleistocene, the 
Snares summit plateau might be considered a eustatic feature. In 
that case, it could be dated as Pliocene or early Pleistocene, and 
attributed to eresion during a pre-glacial or interglacial period of high 
sea-level, in accordance with the widely accepted principles of glacial 
eustasy. However, objections to such an interpretation justify con- 
sideration of alternative hypotheses. 


The slope of the Snares summit plateau, amounting to some 200 ft 
a mile in a north-east (or leeward) direction, is too great (and in the 
wrong direction) for the initial slope of a surface cut by dominantly 
westerly waves, and is more in accerd with a diastrophic origin. The 
apparent absence of features indicating Pleistocene and post-Pleistocene 
deformation in southernmost New Zealand (and in the Auckland 
Islands) suggests that the tilted summit plateau of the Snares may 
date from pre-Pleistocene time. 


Fig. 7—Northern promontory of main Snares Island, viewed from the south, 
showing well-preserved summit plateau at about 300 ft and sinkhole on 
isthmus in foreground. Drawn from a photograph. 
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Fig. 8—Remnants of uplifted marine terrace forming headlands north of the 
boat harbour, main Snares Island. 


No late deformed surfaces have been recognized at Stewart Island, 
though , Williams (1936) suggested that the peaks may represent a 
pre-Tertiary peneplain stripped of covering beds. In southern New 
Zealand, two intersecting peneplains, of Cretaceous and late Tertiary 
age respectively, have been widely recognized by Benson (1933, 1935, 
1942). and by Benson, Bartrum, and King (1934). Both peneplains 
truncate extensive areas of the clder hard rocks of the “basement ” 
in southern New Zealand, and both are of such wide regional extent 
that they may have extended over Stewart Island and the Snares. 

The suggestion that the Snares summit plateau may be a remnant 
of one of the deformed peneplains of southern New Zealand is put 
forward as an alternative hypothesis to that of marine erosion during 
the period of Pleistocene sea-level changes. The generally deeply 
weathered and leached surface of the Snares granite is in accord with 
such an interpretation. It is clear, however, that the summit plateau 
at the Snares, if formed by Tertiary or Cretaceous peneplanation and 
warped, perhaps, in late Tertiary time, must have suffered the effects 
of any eustatic sea-level changes that occurred after its elevaticn. 
During glacial phases of low sea-level, the Snares suffered a climate 
which, judged from Willett’s reconstruction of glacial climates in 
New Zealand (1951), must have been at least as rigorous as that 
of Macquarie Island at present. Under such conditions, the vegetal 
cover would be restricted to a discontinuous growth of tussock and 
herb-moor. The drowned topography of Stewart Island indicates a 
marine transgression to a depth of at least 180 ft (Williams, 1936) 
over an old landscape formed during an emergent, presumably glacial, 
phase. Such an emergence, at the Snares, would nct greatly extend 
the boundaries of the land, for steep submarine slopes reach 50 fathoms 
within a mile of the shore. 
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Without deposits to which a definite age can be assigned, any 
attempt to fix the age of the islands must be speculative. The mest that 
may be said is that the perfect preservation of segments of the Snares 
summit plateau at heights up to 620 ft suggests a comparatively late, 
probably post-Pliocene, date for the elevation of the surface abceve 
base-level. 


Marine Terraces 


The headlands on either side of the boat harbour, on the leeward 
side of the main Snares Island, are terraced at a height of abcut 25 ft 
above mean sea-level (Fig. 8). Inland, remnants of this terrace are 
bounded by a subdued line of old sea-cliffs. Higher terraces are suggested 
by spur profiles, but the thick cover of peat and vegetation makes their 
recognition difficult. Nec beach conglomerate was identified. 


Coastline 


The coastline has the normal features of exposed islands (Marshall, 
1909). The granite is seamed by almost vertical quartz and feldspar 
veins, of meridional trend, and fractured by joints and faults of 
dominantly E.N.E. direction. The two structural directicns have pro- 
foundly influenced the formation of both major and minor coastal 
features. The long south-western promontery of the main island, its 
broken extension seaward to the Western Chain, and the finger-like 
western extension of the northern promontory are roughly parallel 
to the direction cf jointing. The other structural direction is less 
perfectly reflected in the relatively straight east coast, in the passages. 
between islets of the Western Chain, and in minor features. Measure- 
ments of the two structural lineaments in coastal exposures almost. 
invariably show that one or other of them is parallel te the trend of 
the adjacent coastline (see e.g., Fig. 13) or that parallel-sided gulches, 
caverns, embayments, and sinkholes are determined by one or both 
directions (Figs. 9 and 10). The somewhat curving trend of the 
boat harbour and its tributary gulch are parallel to the swinging strike 
of joints and quartz-veins respectively. The ability of powerful ocean 
swells to attack vertically-jointed rocks and to produce deep, narrow 
caverns, sinkheles, and gulches leads to a rejection of Marshall’s sug- 
gestion that the boat harbour is a drowned stream valley; one of its. 
tributary gulches enters through a cavern, roofed by rock and clearly 
formed by landward extension of a joint-controlled fissure. The large 
sinkhole in the northern isthmus (Fig. 7) is connected to both the 
east and west coasts by caverns, some of which are illustrated in 
Fig. 9. The sides of passages between outlying stacks and the main 
island, and between the islets ef the Western Chain, are in some cases 
certainly, and in other cases probably, determined by the directions 
of jointing and veining. 


Figs. 9 and 10-—Sea caves controlled by joint planes, north-east coast of main 
Snares Island. Photos, R. A. Falla. 
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Fig. 12—Granite, penetrated by quartz veins, in coastal exposures on north- 
east coast of Snares Island. The cave, right background, is parallel to 
the quartz veins. 


GEOLOGY 


The Snares are composed almost entirely of somewhat gneissic 
granite, penetrated by quartz-feldspar and small pegmatite veins. 
Contact mica schist is exposed on the Western Chain. Superficial 
deposits comprise talus and a discontinuous cover of peaty humus, 
with which are associated scattered ejected sea-lion gastrolith pebbles 


locally concentrated as an unconsolidated lag gravel. 


Granite 
The main island, outlying islets, and stacks are composed of a 


fairly uniform muscovite granite, freely exposed in cliffs, shore- 


platforms, stream beds, and, as Hector noted, as dome-shaped masses 
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protruding through the peat on parts of the land surface. Granite 
also probably forms part of the Western Chain; samples cf rock from 
one islet of the chain include a quartz-feldspar vein. 


At sea-level, where it is kept moist, the granite appears dark brown, 
but at higher levels, where the surface is weathered, pink tones pre- 
dominate. A discontinuous growth of lichens contributes to the pale- 
mess of the rock. In clean coastal exposures, the granite appears 
coarsely granular owing to differential weathering of its constituent 


minerals (Fig. 13). 


The granite is closely jointed, and coastal weathering has isolated 
irregular cores originally joint-bcunded which give a_ characteristic 
architectural appearance to parts of the shore. Unweathered sub- 
horizontal surfaces commonly display two sets of intersecting joints, 
one of which is parallel to quartz-feldspar and pegmatite veins 
traversing the granite, the other crossing at an angle of about 70° 
and dividing the rock surface into diamond-shaped segments. ‘The 
primary direction (of quartz and pegmatite veins) ranges from 1° 
te 41°, the mean being 15°; the secondary direction from 56° to 
131°, the mean being 96°. The primary direction is parallel to the 
slight macroscopic signs of preferred orientation in the crystals of the 
granite. The secondary joints are commonly fractures along which 
quartz veins are displaced to a mincr extent (apparently up to a 


Fig. 13—Pegmatite and quartz veins, trending north, north-east coast of 
Snares Island. 
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foot), but there appears to be no consistency in the direction of 
movement; most of them are clearly younger than the quartz veins 
and only a few of them are themselves occupied by quartz veins. 
Measured primary joints and veins are vertical or dip westward at 
high angles; secondary joints are vertical or dip southward. A third 
system of sub-horizontal joints (Fig. 12) is less conspicuous than 
the ether two, but locally gives the appearance of stratification that 
Hector noted (1896); in most places, however, the secondary joints 
are most conspicuous (Fig. 13). Locally, the jointing appears quite 
irregular, but close examination generally reveals the dominance of 
the two vertical directions. 


The granite specimens obtained during the 1947 expedition are 
described by Jo J> Reedsin® Partall: 


Mica Schist 


Dr R. A. Falla landed on the second islet (from the north) in 
the Western Chain on 4 December 1947, and obtained several chips 
of rock lying on the surface near nests of Cape pigeons. The speci- 
mens include contact schist and fragments of quartz veins. Photo- 
graphs of the rocky south-east slopes of the islet show irregularly-jointed 
structure in what could conceivably be schist, although no schistosity 
is apparent. The schist is softer than the Snares granite, and it 
seems unlikely that the residual stacks comprising the Western Chain 
are composed entirely of such unresistant material. Dr Falla considers 
that schist is limited to upper parts of the islet and that the shore 
is formed of rock similar te the Snares granite. It is reasonable to 
suppese that the schist constitutes part of the country rock of the 
granite batholith of which the Snares are a part, highly metamorphosed 
by contact effects, ferming part of the contact aureole or, more 
probably, a roof-pendant. Williams (1934 a, b) has reported roof- 
pendants of amphibolite, calc-silicate-hornfels, and biotite-muscovite 
schist in the granite of southern Stewart Island, some 80 miles north 
of the Snares. 


J. J. Reed has described the schist on pp. 29-30. 


Superficial Deposits 

Talus deposits of granite boulders le at the foot of many of the 
sea cliffs and within the large sink-hole on the isthmus linking the 
northern promontory with the main island. 

The surface of the island is covered by a discontinuous layer of 
peat, up to 20 ft thick. Aston (1909) has emphasized that the soils 
of New Zealand subantarctic islands differ from peat (in the restricted 
sense of the word) in their manner of formation, being composed chiefly 
of decayed higher plants (locally on relatively steep slopes and not 
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in stagnant water) and supporting a vigorous growth of higher plants. 
It would be pedantic, however, to quibble at the well-established use 
of the term “peat”, not only in New Zealand but elsewhere, as 
applied to the thick, waterlogged humus soils of the subantarctic 
islands. 


Snares peat is dark reddish-brown to black, and contains many 
recognizable plant fragments (leaves, stems, grasses, and roots) in 
its surface layers. Natural sections, in cencave scars, bare of vegetation 
and formed by wind deflation or “ bog-slides”’, expose lower layers. 
At depths of more than a few feet below the original surface, the peat 
is dark, homogeneous, and waxy, and shows conchoidal fracturing 
when dry. The excavations made in 1890 for a proposed lghthouse 
consisted of two shafts sunk on the highest part of the island. In 
one, reck was not encountered at 20 ft, but the other struck crumbly 
granite at 18 ft. The shafts penetrated soft and spongy peat, described 
as “a mixture of dirt, vegetation, roots, guano, and rotten granite”. 


Samples of Snares peat have been described and analyses presented 
by Aston (1909, pp. 757 and 772-5). Fairly large particles of 
mica characterize deeper layers. Aston found a gradual increase from 
the surface dewnwards in the amounts of salts derived from sea-water. 


Fossil pollen-grains preserved in the peat elucidate the post- 
Pleistocene history of vegetation and climate at the Snares. Samples 
collected in 1947 were submitted to W. F. Harris, Palynologist, Botany 
Division, Department of Scientific and Industrial Research (see Part 
III). The evidence of forest retreat and increasing tussock may 
reflect climatic deterioration since the post-glacial optimum. 


Reports of guano at the Snares have led to several applications 
for lease of the islands since 1888. In January 1889 the ketch 
“Anna” brought “6 tens of guano from a local deposit in a cave 
on the east coast of the Snares. The material consisted of seal-dung, 
hair, and rotten-rock”. (Marine Department file). The size of the 
deposit was unknown. During the 1914-18 war, interest was revived. 
Three samples of “guano” (probably peat) were analysed by B. C. 
Aston and found to contain 0:14 to 0:27 per cent of P.O; when air-dried, 
and 1-9 to 5:5 per cent when ignited (Department of Agriculture file). A 
more recent analysis of Snares Island peat collected in December 1947 
by F. Newcombe, Department of Internal Affairs, was made by the 
Soil Bureau. The analyst’s report states that the peat is very acid 
pH = 3°8), carbon content normal, but nitrogen above average, 
probably on account of bird droppings. The percentage of exchange- 
able lime (22:8) and potash (1:40) is also high, for the same reason. 
Less on ignition was 95:6 per cent, leaving 4:04 per cent mineral soil. 
Thus the Snares Island peat is of ordinary composition except for the 
additions due to bird droppings (report on lab. sample No. 4738, New 
Zealand Soil Bureau, 26 April 1948). 
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Fig. 14—Sea-lion gastrolith pebbles, forming a diffuse lag gravel on the surface 
of rock exposed in a penguin colony, Snares Island. Drawn from a 
photograph. 


Sea-lion Gastroliths 


Scattered, well-rounded, water-worn pebbles lie on the surface of 
the peat on many parts of the main Snares Island, but are nowhere 
aggregated in a definite deposit. Rare rounded pebbles are embedded 
in the peat at depths of several feet from the surface and at unknown 
heights (exceeding 3 ft) above the underlying basement of granite. 
Long-established penguin colonies, originally situated on peat, now 
occupy an exposed rock surface, for the protecting vegetation has been 
killed, and censtant tramping has helped rain-wash to scour away 
the peat. In such places a lag-gravel of water-worn pebbles remains on 
the rock surface, between penguin nests (Fig. 14). 

Water-worn pebbles were found on the east coast and on the 
northern isthmus, at heights up to about 250 ft, but were not recorded 
from the higher parts of the island at greater distances from the east- 
coast landing places. 

The pebbles range from 1 in. to about 41n. long and are round or 
ovoid. Mcst are composed of Snares granite, but a small proportion 
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are of dark, heavy, fine-grained basalt. The nearest known basaltic 
rocks are at the Auckland Islands, some 130 miles to the scuth. The 
distribution of the pebbles, on the surface or within a layer of Recent 
peat, prohibits any suggestion that they were derived from basalts now 
submerged, or that they were transperted by shore drift or icebergs 
during a Pleistocene stage of different sea-level or climate. 


The Snares Islands support a large population of fur seal; (Arcto- 
cephalus doriferus forstert (Lesson) ), which are confined to the coastal 
rocks, never entering the scrub and tussock of the land. A smaller 
population of Hooker’s sea-lion (Zalophus hookert (Gray)) consists 
almost entirely of sub-mature males, which habitually visit the coastal 
scrub and tussock at heights of several hundred feet above the shore. 
They may occasionally breed, but have not so far been recorded doing 
so. The chief breeding places of the sea-lon in the New Zealand 
area are at the Auckland Islands, and the animals that frequent the 
Snares, Campbell, and Antipodes Islands, the coasts of southern New 
Zealand, and Stewart Island are chiefly immature, and are classified 
as a non-breeding overflow from the Auckland Islands population. 
It is not known how regularly nor how rapidly sea-lions make the 
passage between the Auckland Islands and the Snares, but it may be 
safely inferred that they do so. 


Sea-lions habitually take up and swallow pebbles, probably, as 
suggested by Turner (1887), to assist the trituration of food in the 
stomach; alternative suggestions have been listed by Hamilton (1934) 
and Emery (1941). Probably they obtain the pebbles on the shallow 
sea-bottom while diving and groping for their animal food: they 
have not been observed to take them up on land. After a period of 
feeding at sea, the animals come to land and lumber up tthe slopes 
into coastal scrub and forest, sometimes to a height of more than 
600 ft (Auckland Islands). On land, sea-lions he sleeping and drowsing 
for several days, and during this interval the gastrolith pebbles are 
ejected, commonly with undigestible food remains (cephalopod, gastro- 
pod, crustacean, fish). The ejection of gastroliths 1s accompanied by 
regurgitatory movements, belching, and grunts, which culminate in the 
projection of a group of pebbles, several pounds in total weight. 
Sometimes the pebbles are deposited as a compact group, but violent 
shaking of the head during the process may splatter them over an 
area of several square yards, where they le on the surface of the peat 
and are pressed into it by the subsequent movement of the animals 
across them. 


The above account of the behavicur of Hooker’s sea-lion is based 
on personal observation at the Auckland and Snares Islands. Stones 
and gravel are commonly recorded from the stomachs of other Pinni- 
pedia (Turner, 1887; Wilscn, 1907; Hamilton, 1934; Bertram, 1940, 
other references quoted by Emery, 1941). The ejection of gastroliths 
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on land has seldom been described. Indeed, Hamilton stated that he 
had never observed the Falkland sea-lion throwing up its stomach pebbles. 


The discovery of basalt “erratics’’ among superficial pebbles at 
the Snares, and their manner of occurrence, drew the writer’s attention 
to the sea-lion’s habit of regurgitating gastroliths. In subsequent 
examinations of freshly ejected pebbles, none were seen with a length 
greater than about 24in., and no basalt pebbles were found. Emery 
(1941) quotes a record of “single rocks weighing as much as 5 lb.” 
from the stomach of an unspecified seal, and Hamilton measured one 
stone 94mm. (3}1n.) long from the stomach of the Falkland sea-lon 
(Zalophus byronia). It seems that the largest rounded pebbles at the 
Snares could well have been ejected by a sea-lion. 


The ability of marine mammals to transport pebbles has recently 
been emphasized by K. O. Emery (1941). Emery concluded that 
sea Mammals “‘ cannot be quantitatively important as geological agents ” 
but that “infrequent pebbles in fine-grained sediments may sometimes 
be due to the activity of sea mammals as well as to other forms of 
rafting’. He did not envisage the long-distance transport of “ erratics ”, 
far from their source, their ejection on land, and their accumulation 
locally in large numbers. If cerrectly interpreted, the superficial 
pebbles at the Snares show that some marine mammals may locally 
be important geological agents (Fleming, 1951). 


Isolated granite pebbles deeply buried in the Snares Island peat 
recall the “chuckie-stones” in Cretaceous coal-seams at Greymeuth, 
New Zealand (Gage, 1949). However, the lack of known large 
Cretaceous land animals in New Zealand favours Gage’s attribution 


of “chuckie-stones”’ to root-rafting. 


STRUCTURE AND GEOLOGICAL RELATIONSHIPS 


Marshall considered that the Snares granite forms part of the same 
plutonic complex as Stewart Island and the south-west of Otago 
(western Southland). Discovery of an apparent roof-pendant of 
schist at the Snares strengthens the resemblance to southern Stewart 
Island. The late Tertiary volcanoes of the Auckland Islands (Speight 
and Finlayson, 1909) overlie a basement of older rocks which include 
granite, high-grade mica schist (apparently the result of contact meta- 
morphism), and gneiss, the latter two constituents occurring in a 
Tertiary conglomerate. 


In the New Zealand area, granites are limited (with one exception) 
to a belt of Paleozoic and perhaps older rocks which extends south on 
the west coast of the Scuth Island from north-west Nelson through 
Westland to western Southland (summary by Reed, 1948). Broken 
by Foveaux Strait, the granite belt continues in Stewart Island, and 
is probably thence continuous beneath the waters of the southern ocean 
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to the Snares and Auckland Islands. To the east of the granite belt, 
as recently indicated by Wellman (1948), the oldest known rocks 
exposed are a sequence ef upper Paleozoic to Jurassic geosynclinal 
sediments, the lower members regionally metamorphosed te schist. The 
exceptional occurrence of granite referred to is at the Bounty Islands, 
far to the east of the New Zealand mainland, and its structural relation- 
ships are quite unknown. 


In western Southland, some of the sediments with granite intrusions 
contain lower Ordovician fossils, and unfossiliferous metamorphosed 
sediments are also classed as Ordovician (Benson, 1933). Granites 
intruding into the Ordovician sediments have been mapped as “ Late 
Paleczoic?”’. The probable age of the Snares mica schist is thus 
early Paleozoic, and the Snares granite is possibly late Paleozoic. 


The granite-invaded lower Paleozoic sediments of the western South 
Island may be regarded as forming part of the geanticline bordering 
the late Paleozoic-Jurassic geosyncline to the east. The axis of the 
geosynclinal sediments (Macpherson’s Wanaka Series structure trend, 
1946) swings eastward across Otago to the coast near Dunedin, and 
its submarine course beyond the limits of the South Island is not 
known. Possibly it trends towards the Chatham Islands, which have 
a basement of schist resembling Otago schist (Allan, 1925). Mac- 
pherson (1946) has drawn later folds parallel to the older axes within 
the limits of New Zealand. Possibly, therefore, the late Paleozoic- 
Jurassic geosyncline trends south, parallel to the relicts of its western 
borderland, towards Campbell Island, where low-rank regionally meta- 
morphosed schist has recently been re-described by Oliver (1950). 
Many earth movements have occurred since the deposition of Jurassic 
sediments east of a rising borderland of older Paleozoic rocks, and 
the trend lines of later deformation have not always paralleled older 
structures. The trend of the submarine ridge from south-eastern 
Stewart Island towards the Snares and Auckland Islands is doubtless 
a Tertiary feature, and should not be given toc much importance in 
determining older tectonic directions, although it is possibly superposed 
on an older trend. 


Benson (1933, p. 421) described the Ordovician sediments of 
Preservation and Chalky Inlets as folded and intruded “under the 
compulsion of thrust from the west”, the axes of folding trending 
somewhat west of north; the deposition of quartz in fractures was 
the last event of this phase. Later, long after the geosynclinal stage and 
the emplacement of batholiths, low-angle thrusting from the east 
developed. Of five systems of faults, fractures, and joint planes 
recognized, a series trending nearly east and west (generally north of 
east) is the most clearly marked. In scuthern Stewart Island 
(Williams, 1934b) the dominant tectonic trends, marked by the direc- 
tions of elongate roof-pendants, are about 10° to 20° and 70°. The 


25 


primary joint direction in the Snares granite, about 15°, is also the 
direction of quartz veins and small pegmatite veins injected in the 
late stages of orogeny and invasion, along the direction of incipient 
gneissic structure; it is judged to be the probable trend of folding 
during the emplacement of the batholith. No structure has been 
observed in the Auckland Islands granite. 


The evidence is not opposed to the hypothesis that the sinuous 
line joining the granites exposed in western Southland, southern 
Stewart Island, and the Snares and Auckland Islands is parallel to 
the chief direction of folding during the post-Ordovician (probably 
post-Devonian) period of orogeny in which they were emplaced, but 
such a statement of relationship may be oversimplified (Fig. 15). 


The secondary joint-direction at the Snares, roughly east, but 
generally north of east, is the same as the most clearly marked fracture 
direction in the Preservation Inlet region and almost the same as the 
70° direction of Stewart Island roof-pendants. 

At the Snares, movement along the secondary fractures 1s undoubtedly 
of later date than the primary direction, but there is no evidence to 
connect such fractures with either the early Cretaceous or late Tertiary 
orogemes that New Zealand has suffered. 


It is reasonable to suppose that the Snares shared in the complex 
mevements that affected every part of New Zealand during later 
geologic time. From the known ‘Tertiary history of adjacent areas 
it can be inferred that the Snares suffered several phases of marine 
transgression, sedimentation, and erosion, in common with most of the 
unstable New Zealand region. In an area where all major features of 
surface relief reflect tectonic patterns of Tertiary or post-Tertiary age, 
it is also reasonable to infer that a submarine ridge, such as that between 
Stewart Island and the Snares, marks the axis of a late Tertiary fold. 
Possibly the emergence of the Snares summit plateau to form the present 
islands resulted from a local upward doming of the crest of that fold. 
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PART II 


REO O Gx 


By J. J. Reep, N.Z. Geological Survey 


INTRODUCTION 


Eighteen rock specimens in the N.Z. Geological Survey (see Fig. 1), 
collected during November and December 1947 by the Snares Expedi- 
tion, have been examined. The rocks can be grouped into: 

(a) Granite and associated pegmatite and quartz veins: 
(b) Mica schist: 
(c) Sea-lion gastroliths. 


GRANITE AND ASSOCIATED. PEGMATITE AND 
QUARTZ VEINS 


As noted by Hector (1896), Marshall (1909), and Fleming (Part 1), 
the Snares are composed almost entirely of granite, of which ten 
specimens were collected. Megascopically, the granite samples are 
equigranular and medium grained, and censist of quartz, feldspar, and 
conspicuous muscovite flakes. The rock is greyish white when fresh 
(11043), but the majority of the specimens are weathered pinkish or 
brownish. In some specimens (11047, 51) a gneissic structure has 
resulted from the sub-parallel arrangement of the mica plates. 


In thin section the specimens are all very similar, the texture 
being hypidiomorphic granular, and the main constituents are quartz, 
plagioclase, orthoclase, and muscovite mica. The quartz and feldspar 
grains range from 0-2 to 1:5 mm. (average size, 0-9 mm.) and the mica 
flakes measure up to 5 mm. in length. All the quartz and most of the 
feldspar show pronounced undulose extinction between crossed _nicols. 
Clear anhedral grains of quartz constitute 30 to 40 per cent of the rocks. 
Plagioclase feldspar, which forms 20 to 40 per cent, is of two types: (a) 
untwinned albite (An; to Anjo) and (6) oligoclase An,; to Angs) 
displaying fine lamellar twinning. Untwinned allotriomorphic ortho- 
clase crystals form 6 to 20 per cent of the rock, and in a few cases 
these show perthitic intergrowths with albite (11047) and micrographic 
structure with quartz (11042). The only mica in most of the specimens 
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is muscovite, which in one case (11043) constitutes about 15 per cent 
of the rock. Biotite, a minor constituent (1 per cent) in 11042, displays 
the following pleochroism: X— pale yellow, Y— pale brown, Z— 
dark brewn. Absorption X > Y > Z. Accessory minerals are alman- 
dite garnet occurring in anhedral, pale pink crystals measuring 0-05 
feos mm. in length (11043, 47, 49), rare zircon prisms (11043), and 
rare apatite (11043). 

Petrographically the specimens are similar to the granite collected 
m@tethe Snares by Marshall (1909, p. 704). In Table 1, a chemical 
analysis by F. T. Seelye of one specimen (11043) can be compared 
with the older incomplete analysis of Aston (1909, p. 769). The 
standard C.I.P.W. weight norm and the molecular norm (Barth, 1948, 
p- 31) are given in Table 2. As both these calculations ignore the 
presence of muscovite, a closer approximation can be obtained if 
the equivalent molecular percentages are distributed according to the 
modal minerals determined in thin section (Table 3). This table 
demonstrates one of the main features of the Snares granite (viz., the 
predominance of sodic plagioclase feldspar over potash feldspar). 

The muscovite granite at the Snares contrasts with the biotite 
granites from the Auckland Islands (Speight and Finlayson, 1909, 
pp. 720, 726), Bounty Island (Speight and Finlayson, 1909, p. 739), 
Stewart Island (Williams, 1934b, pp. 323-4), Preservation and Chalky 
Inlet (Benson and Bartrum, 1935, pp. 135-6), and Green Islets (Park, 
1926, p. 385). The chemical analyses available for these rocks are 
given in Table 1. 

The two pegmatite samples (11048, 49) are coarser grained than 
the granite and contain plentiful microcline feldspar. A specimen 
(11050) from the main veins cutting the granite (p. 19) consists 
entirely of quartz. 


MICA SCHIST 


Small specimens cf mica schist (11050, 11058) lying on the surface 
mear nests of Cape pigeons were collected by Dr. R. A. Falla on 
4 December 1947 from the second islet (from the north) in the Western 
Chain. The largest specimen (11050), measuring 4 by 3 by 2 cm., is 
dark-coloured and highly micaceous, whereas the other smaller samples 
11058A and B) are lighter coloured and contain mere quartz. 
Examination of a thin slice of 11050 indicates that its approximate 
composition is: quartz 35 per cent, biotite 30 per cent, muscovite 30 
per cent, and apatite 5 per cent. The xenoblastic biotite and muscovite 
flakes, 0-1 to 1mm. in length, display a sub-parallel arrangement and 
show a tendency to be separated into layers from the clear, strained, 
interlocking, quartz grains, the majority of which are 1 mm. in length, 
but small sutured granules are also present. Some quartz is inter- 
stitial between the mica flakes. The biotite is a brownish variety, 
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the pleochroism ranging from pale yellow or brown (X) to dark 
reddish or olivaceous brown (Y Z). In some of the muscovite flakes. 
(2V = — 45°) there is biotite along the cleavage planes, and in others. 
minute sillimanite hairs can be identified. Apatite is an abundant acces- 
sory mineral occurring in colourless euhedral crystals, sorae of which are 
enclosed by mica, particularly biotite. Minor accessory minerals are 
prisms of zircon and rare sagenitic rutile in quartz. The other speci- 
mens differ from 11050 in that quartz is more abundant and apatite 
less so, while in one sample (11058B) the biotite is greenish-brown.. 
Silliimanite hairs and needles are well developed in the muscovite plates 
of 11058A. 


The mica schist specimens described above are comparable with 
the mica schist inliers in granite described by G. J. Williams (1934b, 
pp. 324-9) from Stewart Island. The schists are of “ contact” rather 
than “regional” metamorphic type. 


Several of the rock chips from the Western Chain consist entirely 
of quartz and are presumably from narrow veins, as none are com- 
parable with the quartzites associated with almost all the mica schist 
inhers on Stewart Island (Williams, 1934b, p. 329). It would be of 
interest, when cpportunity offers, to search for the possible presence 
of quartzite with the mica schist on the Western Chain. 


SEA-LION GASTROLITHS 


Scattered, well-rounded, water-worn pebbles on the surface of the 
peat on many parts of Snares Island are considered by Fleming 
(Part I) to be sea-lion gastroliths. Many are specimens of the Snares 
granite, but a small proportion are of a dark, fine-grained type not 
known to crop out on the island. The petrology of these foreign 
pebbles is dealt with in this section. 


Examination of the pebbles (11053, 56, 57), the largest of which 
is 10cm. in length, indicates that they are basaltic rocks, very similar 
in general texture and composition, and differing only in grain size. 
In the coarsest specimen (11056), feldspar laths 1-5 mm. in length 
display sub-ophitic relationship te xenomorphic pyroxene crystals 
measuring 0:03 to 1mm. In the fine-grained pebbles (11053A) the 
texture becomes intergranular with aggregates of pyroxene crystals less 
than 0-4mm. between a sub-radial network of feldspar laths 0-6 mm. 
in length. The feldspar is basic labradorite, for which measurements 
with the universal stage using the methods of Nikitin (1936) and Turner 
(1947) gave the range as Ansg Abs to Anzo Abzo. The greenish pyroxene 
is pigeonite with a very low optic axial angle (less than 7°). Iron ore 
(titaniferous magnetite and ilmenite) is abundant in all the specimens 
both as skeletal crystals (11053) and as sharply defined prisms 
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0-1 mm. in length. Minor constituents are reddish-brown biotite (11056) 
and secondary carbonate, amphibole, and chlorite. In the absence of 
field data, the rocks are classified as medium- to fine-grained clivine- 
free basalts of sub-ophitic to intergranular texture. 


The most likely source of the pebbles is the Auckland Islands, 
approximately 130 miles to the south of the Snares, this being the 
nearest area where basaltic rocks are known to occur (Speight and 
Finlayson, 1909, pp. 731-6). It should be noted, however, that the 
pyroxene in Auckland Island basalts, diabases, and dolerites is described 
as titaniferous augite and not pigeonite (op. cit., p. 733). Other possible 
sources are the basaltic rocks on Campbell Island (Marshall, 1909, 
pp. 695--6) and Macquarie Island (Mawson, 1943, pp. 109-19). The few 
basaltic rocks described from the Antipodes Islands (Speight and Fuin- 
laysen, 1909, p. 743), the more or less alkaline rocks from the Dunedin 
area (Benson, 1942, pp. 89-91), and the hornblende andesite rocks 
from Solander Island between Stewart Island and western South- 
land (Speight, 1909; Reed, 1951) differ markedly from the basalt 
pebbles at the Snares. 
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A. Granite (11043), Snares Island. (This paper.) Analyst, F. T. Seelye. 
G= 2°56. 

B. Unweathered granite, beach, Snares Island. Analyst, B. C. Aston (Aston, 
1909 p.*/69): 

C. Granite, Auckland Islands. Analyst, A. M. Wright (Speight and Finlayson, 
1909, p. 720). 
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D. Granite, Bounty Island. Analyst, R. Morgan (Speight and Finlayson, 1909, 
p. 759): 
E. Granite, Stewart Island. Analyst, G. J. Williams (G. J. Walliams) P32 
Table III, No. 1). 
F. Muscovite-myrmekite granite, Stewart Island. Analyst, G. J. Williams (G. J. 
Williams, 1934, Table III, No. 2). 
G. Granite inclusion in diorite, Green Islets. Analyst, F. T. Seelye (Park, 
1926, °p; 386): 
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PART III 
Blea) eo MRE 


By W. F. Harris, Botany Division, D.S.I.R. 


SUMMARY 


A series of thirteen peat samples was collected by C. A. Fleming 
from a single exposure on the northern part of the main Snares Island. 
Examination reveals a steady increase cf grass pollen in relation to 
the amount of forest pollen. Other pollens, mainly Umbelliferae and 
Araliaceae, together with fern spores, attain their greatest relative 
importance in the middle stage. Pollen deposition appears to record 
the local gradual replacement cf Olearia forest, the succession being 
forest —herb meadow — tussock grassland and the respective dominants 
Olearia, Stilbocarpa—Anisotome, and species of Poa. 


The pollen data are of interest as a sample profile from a station 
within the subantarctic climate belt, differing from mainland stations 
in being near the southern tree limit, and at a distance from the anemo- 
philous beech and conifer forests. Also, because peat soils are zonal 
(climatic), difficulties of statistical representation of bog- and non-bog 
pellens do not arise. Further borings may confirm that the peat is a 
young deposit. The average depth is about 8 ft, but the high pollen- 
content suggests slow accumulation. The ccncentration of pollen on 
an average slide is 11,800 grains per square centimetre. Wind-borne 
pollens from the mainland do not amount to 0:5 per cent of the total 
pollen in any sample. Pollen of Umbelliferae, presumably Anisotome 
acutifolia, increases to 43 per cent of the non-grass pollen in Sample 6. 
This species is now practically extinct and was found in one locality 
only in 1890. The pollen counts, in cemparison with the present 
vegetation of the island, show the need for a well-planned study when 
the aim is to interpret regional climate from pollen statistics. 


LOCALITY AND SAMPLING 
Situation, Climate, and Vegetation 


The Snares group comprises two large and several small granite 
islets situated in latitude 48°S., 65 miles from South Cape, Stewart 
Island. The climate is cool, uniform, and humid, with much cloud 
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and wind. The largest island, irregular in shape and about a mile 
and a half in its greatest diameter, bears, over the greater portion, 
a vegetal covering of low forest and scrub, with a marginal tussock 
area between the forest and the steep cliffs. The flora is a small one, 
consisting of three woody species, three ferns, and a few herbs, grasses, 
and sedges. Only a few of the twenty-three recorded species are 
common. More detailed descripticns are to be found in the volumes 
of The Subantarctic Islands of New Zealand (1909) and in papers 
by T. Kirk (1891) and Ee Re Chapman (1391); 


Samples 


The samples were taken at vertical intervals of approximately 1 ft, 
from a face cleaned back to the solid peat with a spade. The locality 
is at an altitude of approximately 250 ft above sea-level, just scuth 
of the large sink-hole in the narrow isthmus which almost divides the 
northern part of the main Snares Island. 

The surrounding vegetation consists of Poa foliosa meadow, with 
Poa astont and Hebe elliptica nearby. Sample No. 1 was taken from 
the roots of Poa, the others in downward succession. The lower 10 ft 
of peat was waxy with roughly conchoidal fracture and irregular joints. 
The lowest sample (No. 13) was perhaps 2 ft above the rock, which 
could net be reached by digging but which crops out at the surface 
nearby (Fig. 16). 


Fig. 16—From a field sketch by C. A. Fleming, showing method of sampling 


the profile. 
\/ 1 V 


Face cleaned with spade, 
back to solid peat. 
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RESULTS OF POLLEN COUNTS 


Indigenous Pollens 


Recent pollen of several subantarctic species was kindly supplied 
by W. B. Brockie, Otari Plant Museum, from his Campbell Island 
material. Some of the Snares species, however, are still not represented 
in the reference slide collection. 

Preliminary counts were made to ascertain the preportions of grass, 
herb, fern, and forest spores, and the results are shown in the graph, 


Fic. 17. 
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Fig. 17—Graph showing relation of arboreal pollen to that of herbs, ferns, 
and grasses, expressed as percentages of the total pollen. 


A hundred non-grass pollens were then counted on each slide (in 
some cases two hundred) to get the percentages without the influence 
of variations in grass pollen concentration. It is noteworthy that the 
shape of the Olearia curve (Fig. 18) is very similar to the one obtained 
from total pollen. In Samples 2, 3, and 4, where Olearia pollen occurs 
in greatly diminished quantities, fern spores are increasingly important. 

In these sharp fluctuations the curves reflect the influence of Iccal 
shedding. Forest pollens from beyond the bog area, as in mainland 
deposits, show the smoothing or averaging effect of atmospheric 
diffusion. 
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SNARES ISLANDS 


SIZE IN MICRONS PERCENT GRASS POLLEN IN SAMPLE 
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Fig. 19—Graph showing size-frequency in 100 grass pollens at three levels 
in the profile, and percentage grass pollen in the samples. 


One hundred grass pollens were measured at three levels. A. 
trimodal curve resulted (Fig. 19), but there was no variation in the 
total size-range at the three levels. Curves from reference slides of 
the grass species are not available for comparison. The results, however, 
discount the idea that other grasses, such as species of Danthonia, 
might have been present during the earlier part of the deposition period. 


Alien Pollens 


The presence of pollens of non-indigenous species might occur 
through contamination or as the result of wind carriage. Such alien 
pollens in no case amount to even 0:5 per cent of the total pollen. 
On a slide estimated to contain 100,400 pollens, only two alien pollens. 
(rimu) were seen when half the slide was examined under low power. 
Pollens of the podocarp type (totara and miro) were found on scme 
slides, also of species of MNothofagus (including in one _ instance 
N. menziesii), but in no case in sufficient concentration to have any 
statistical value. In the uppermost sample, pollen of the thistle type 
(Carduus — Cirsium) was noted, possibly from an adventitious flora 
introduced by the sealers. 


Identifications 


The fern spores are of the bi-lateral type and the perispore is not 
preserved. The remaining characters—size, shape, and thickness of 
wall—are variable and overlap to some extent. 

Pollens of the following indigenous plants were recognized: Colob- 
anthus muscoides (few), Tillaea moschata (few), Callitriche antarctica 
(few), Antsotome acutifolia (common), Stilbocarpa robusta (common), 
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Olearia lyallii (abundant), Senecio stewartiae (common), Hebe ellip- 
fica (common). Sedges, grasses, and ferns could not be referred to 
species. The following species recorded from the islands are not 
represented in the pollen counts: Cardamine depressa, Lepidium 
oleraceum, Myosotis albida, Juncus bufonius. 


DISCUSSION 


From the information available, peat-fermation appears to be 
climatic, and it is of interest that such a peat can support a low forest 
vegetation. Peat is retentive of moisture, and, as a result of poor 
drainage, would tend to form a dome-shaped mound. _ Deficient 
aeration would account for the continued accumulation of plant debris, 
but the availability of mineral salts in solution would become pro- 
gressively less. As the depth of peat increased, a succession would be 
expected from forest to dwarf sedges and herbs, and sooner cer later 
to moss. When peat-formation is due to topography, forest may be 
maintained at the margin both by root access to the substratum and 
by the influence of incoming water. The marginal succession to grass 
on many parts of the Snares suggests that, as a result of drainage from 
the interior, the margin is maintained in too wet a condition for forest. 


Since the pollen counts reveal no changes in the vegetation of the 
islands such as were reported by Cranwell and von Post from the 
Otago bogs, it may be suggested that peat-formation began under the 
cooler conditions of the third postglacial period and that the deposit 
is a young one—less than 2,500 years old. If the peat formation is 
climatic, as the evidence suggests, and net topogenous, it seems possible 
that the peat has been maintained at a relatively high level of fertility 
by the animal population. 


A similar change to grass in the forest margin in the fiord region 
has been reported by J. T. Holloway (letter, 23 February 1950), who 
adds the comment that, if the evident changes are due to climatic 
factors, he would suggest the possibility of the peats being even younger 
than 2,000 years, say 1,000 to 700 years old. 
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